Introduction
A morbidity mortality paradox exists when there is an apparent dissociation between disease specific mortality and its risk factors. For example, a population group may exhibit a high prevalence of cardiovascular disease (CVD) risk factors, such as, obesity, hypertension, hyperlipidaemia and yet mortality from CVD is lower than expected. 1 
Evidence
The interest in 1st generation Greek-born Australians (GA) began in the 1980s when mortality data indicated they were the 2nd longest lived population in the world after the Japanese in Hawaii -they lived even longer than their counterparts in Greece. 2 In the 1990s, GA continue to have one of the lowest levels of all-cause mortality mainly due to about 35% lower mortality from CVD and cancer compared with the Australian-born ( Fig. 1 ; Tables 1,2) . [3] [4] [5] However, this is in spite of the 2-3 times higher prevalence of obesity, diabetes, hyperlipidaemia, hypertension, inactivity and smoking (Table 3) . [6] [7] [8] [9] 
Low mortality
The evidence for the low mortality rates has come from: 1. The Australian Bureau of Statistics Causes of Death data in 1980-1982, 2 1984-1986, 1987-1989, 3 1992-1994, 4 and 1997. 5 
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follow-up study of elderly cohorts: GA, Anglo-Celtic Australians (ACA), Greeks in Greece, Japanese, Swedes (Fig. 2) . 10, 11 High morbidity The evidence for the high morbidity rates has come from: 1. The 1980 The , 1983 The , 1989 Risk Factor Prevalence Surveys of people aged 20-69. 6 14 In 1993, Bennett first reported that the low rates of CVD mortality of GA were insufficiently explained by the traditional risk factors (blood lipids, diabetes, blood pressure, body mass index, physical inactivity, smoking, alcohol intake) from the 1980, 1983 and 1989 Risk Factor Prevalence Surveys. 6 In 1996, we confirmed Bennett's observation or 'morbidity mortality paradox' when we studied the food habits, health and lifestyle of elderly GA between 1990 and 1992 and obtained mortality data in 1996. [9] [10] [11] Mortality for the slimmer Anglo-Celtic elderly Australians (BMI ≥ 30, 10%) was 80% higher than the more overweight GA (BMI ≥ 30, 30-46%). It was estimated that 40% of the higher mortality of elderly ACA over that of GA could be explained in terms of their different dietary habits and specifically their different level of adherence to the traditional Greek diet of the 1960s. 10 The morbidity mortality profile of 2nd generation Greek Australians is unknown.
Possible explanations for the 'morbidity mortality paradox' of Greek-born Australians Bennett suggests that a full explanation for this apparent disassociation between morbidity and mortality 'is likely to involve interaction among social, economic, cultural, environmental, biological, genetic factors and the migration process … the lead time between exposure to major coronary risk factors and subsequent effects on mortality also varies among immigrant groups'. 6 For example there may be a lag time between a rise in morbidity and a rise in mortality that is difficult to assess due to the relatively small window of measurement. Mathers suggests that: '… it is very likely that the lower mortality of many overseas-born people is due to health selection effects upon migration, combined with cultural factors, such as, a healthier diet for some groups'. 4 These factors may conceal adverse health effects associated with work, or with poorer socioeconomic status, for some immigrant groups in Australia.
Migration process
The migration process itself tends to be highly selective for health, both explicitly by the health criteria applied by the Australian government to people seeking to migrate to Australia and also because people who are in poor health are less likely to have the ability and economic resources to migrate. Migrants may represent a cohort of survivors of hardships, such as, World War II. On the other hand the stress associated with migrating to a new county and not knowing the language or not knowing many people may have contributed to morbidity. Although it is likely that these selection effects explain a considerable part of the observed mortality differentials, a number of other factors, especially cultural factors are also likely to contribute.
Cultural factors
Social Migration may increase social cohesion because of the similar circumstances that migrants find themselves in, resulting in greater social networks and activities. In the FHILL study, elderly GA had the highest social network scores and the second highest social activity scores compared with the Anglo-Celts, Greeks in Greece, Swedes and Japanese. However, social factors were not predictive of survival in GA. 11 This suggests that social factors may not be the most important contributors to the mortality advantage of GA.
Physical activity When migration occurs from rural villages to urban areas there is usually an inherent decline in physical activity. For example, more than 80% of Greeks migrated from rural villages in Greece (where they did a lot of physical activity associated with farm life) to urban parts of Australia. Much of the physical activity on migration was confined to factory work -many of them ended up standing Table 3 . for hours on production lines or sitting for hours, for example, sewing/cutting material. In the FHILL study, GA had the lowest physical activity scores compared with other elderly cohorts and physical activity was a strong predictor of survival (risk ratio 0.58, P = 0.02). 11 This suggests that physical activity may be an important contributor to the paradox.
Diet
The high prevalence of CVD risk factors and obesity is not necessarily evidence that the Greek diet is unhealthy or obesinogenic, but rather a reflection of how migration may have influenced food habits. Also, it is important to remember that traditional plant-based cuisines, such as, Greek and Asian, have the potential to be made more energy dense (and thus obesinogenic) by increasing the proportion of animal food and fat and decreasing the proportion of plant food of traditional dishes.
In an attempt to explain the mortality advantage of GA, Powles et al. suggested (with no further analysis) that retention of some 'protective' elements of the traditional Greek diet (e.g. plant food, fish and olive oil) may be responsible for the mortality advantage of GA. 15 This type of food pattern (high plant food, low animal food, high fish, high monounsaturated fat, low saturated fat) has been found in FHILL to be predictive of survival not only in GA but also in other elderly cohorts. 10, 11, 16 Also, this food pattern was a more important predictor of survival than lifestyle, social and health variables. 11 On the other hand, it has also been suggested that this food pattern, due to its content of antioxidants and omega 3 fatty acids, may offset any adverse effects of the CVD risk factors. The question has thus been raised that it may be possible to develop 'benign' CVD risk factors depending upon the kind of foods consumed. 17, 18 Diet as a main contributor to the morbidity mortality paradox For the reasons outlined above, this paper will focus on diet, since it is the most likely candidate explaining the paradox, along with physical activity.
Changes to diet on migration
What are GA eating and how has their diet changed since migration? In the FHILL we asked the elderly to describe how and why their diets changed on migration -most changes occurred in the first year and persisted for about 20 years (Fig. 3) . 19, 20 Data from Greece in the 1960s (7 countries study) 21 and from Australia in the 1990s (FHILL) suggest that on migration animal food intake increased significantly (∼60%), plant food intake changed less (decreased by 25%), but the overall energy density of the diet increased and composition of dietary fat also changed markedly (Fig. 4) . 10 These dietary changes probably contributed to the currently observed high morbidity. This information was used to develop a hypothesis for the paradox (Fig. 5) .
High morbidity hypothesis
In order to demonstrate the foods that may have contributed to the high morbidity, 1960s data from Greece (7 counties study) 21 were compared to 1990s data from elderly Greek migrants and Anglo-Celts in Melbourne (Fig. 6) . 1, 9, 10 The intakes of foods that appear to have increased markedly on migration include meat, milk, cheese and sweets whereas the intake of olive oil and cereals decreased. Total fat intake in 1960s Greece was about 90 g/day, of which 80 g was derived from olive oil (about 4 tablespoons/day) and 10 g from fish, nuts and leafy greens high in omega 3 fatty acids. Animal fat intake was low due to low intake of animal foods. In contrast, total fat intake of elderly Greek migrants in the 1990s in Australia was also about 90 g/day, but only 20 g was derived from olive oil, 20 g from margarine/vegetable oils and the remaining 50 g mainly from animal foods. As a result, saturated and omega 6 fat intake has almost doubled on migration and monounsaturated fat has decreased. Elderly Anglo-Celts in Melbourne consumed about 60 g fat daily, of which 20 g was mainly from margarine and 40 g from animal fats (Fig. 5) .
The consumption of sweets (e.g. syrupy pastries) was less than 50 g/day in the 1960s in Greece and more than 100 g/day in the 1990s amongst GA. The frequency of celebratory feasts has also been reported to have increased on migration 20 and serving sizes of most foods, especially animal foods, has increased by more than 30%. 20, 22 Low mortality hypothesis Which foods or aspects of diet may have contributed to low mortality? Greek migrants appear to have retained high intakes of vegetables, especially those high in antioxidants, such as, leafy greens 18 tomato, capsicum, onions, garlic and herbs. Even though elderly Anglo-Celts had similar total vegetable intakes to GA, they had higher intakes of potatoes. 10, 20 Greek-born Australians also appear to have retained high intakes of legumes and fish and the mode of cooking is still identifiably Greek. 1, 9, 15 This is especially true when it came to the vegetables. Vegetables are usually wellcooked and stewed in olive oil, tomato, onion, garlic and herbs. There is evidence that the fat-soluble antioxidants (carotenoids, some polyphenols) in well-cooked vegetables especially when cooked in fat are more bio-available compared with vegetables that are minimally cooked without fat. 23, 24 Cooking probably breaks plant cells open so antioxidants and other plant chemicals can be better absorbed. Adding fat allows fat-soluble phytochemicals to be better absorbed. Theoretically, the Greek cuisine has potential to result in higher blood levels of antioxidants. Research on a subsample of Greek migrants in the Health 2000 study (AntiCancer Council, Melbourne) has indeed found that they have over double the circulating concentrations of antioxidant carotenoids, especially lutein, compared with Australians of Anglo-Celtic ancestry. 17 It is now being suggested that this may explain why Greek migrants appear to be 'getting away' with CVD risk factors. 18 Another factor that has probably contributed to the mortality advantage of ageing Greek migrants is the observation that they return to a more traditional Greek food pattern (TGFP) in old age (defined as being high in plant food, low in animal food, high in monounsaturated fat, low in saturated fat). A greater percentage of GA (80%) had food (energy density of the diet > 4kJ/g) patterns that were more traditional than Greeks in Greece (60%). Anglo-Celts, as expected, were less likely to have food patterns found in Greece in the 1960s (28%). The TGFP was also found to be predictive of survival in GA when mortality data were collected after 5 years; subjects with food patterns similar to the TGFP of the 1960s had a reduced risk of death by 28%. 16, 25 Implications for other/recent migrant groups The morbidity mortality paradox of 1st generation Greek migrants may represent another paradigm shift in our understanding of CVD risk factors. It suggests that CVD risk factors can, to some extent, be made less harmful if one ensures that their diet contains a variety of putatively protective foods. The paradox also has implications for other migrant groups in Australia. What has been witnessed in one ethnic group may be prevented in another. A study on Somalian refugees in Australia found that after 2-4 years in Australia there was a significant decrease in physical activity in conjunction with increased intakes of energy dense foods and animal foods. The authors concluded that this recent migrant group was at high risk of developing obesity. 26 Australia currently has dietary guidelines for adults, older adults and children. Dietary guidelines for recent migrants are also needed. They would need to cover the following issues: 1. Retention of 'healthy' dishes/foods from their traditional diet, watching the intake of energy dense festive foods and the potential to change the energy density of traditional plant-based dishes. 2. Inclusion of 'healthy' dishes/foods from the mainstream food culture -this has potential to improve the variety of foods consumed, but serving sizes of energy dense foods requires attention and animal foods need not be eaten at the expense of plant foods.
